the brain stem from the vestibular apparatus via the VIII cranial nerve and this sort of eye movement persists in man so long as the midbrain and brain stem are intact. Moderate intoxication with alcohol or barbiturates has no effect upon this reflex movement of the eyes.
The effect upon saccadic and following movements constitutes a repeatable and measurable biological effect of the above-mentioned agents in man. Though the agents which have been studied are tranquillizing, sedative and hypnotic by nature, the observed effects are not just due to induced drowsiness and lack of attention, since particular stress is given to the fact that the experimental subjects were maintained alert and interested throughout the study period. Saccadic and following eye movements require normal function of the cerebral cortex, midbrain and brain stem, and it seems likely that it is the effect of the drugs upon the cerebral cortex which is responsible for the impairment of saccadic and smooth pursuit movement since doll's head movement remains so normal under the same circumstances. It is a commonplace observation that ocular movements may be abnormal in patients with uncontrolled hydrocephalus but the pathogenesis of this abnormality, often referred to simply as the 'setting sun' sign, is controversial. West (1848) stated that 'the eyes are so displaced by the altered direction of the orbital plates, that the white sclerotic projects below the upper lid, and the iris (is) more than half hidden beneath the lower'.
Until very recently this was the generally accepted explanation of these ocular signs (Oppenheim 1911 , Ford 1966 , Walsh & Hoyt 1969 although Pennybacker (1940) had observed the disappearance of similar ocular signs in 5 patients with adult-onset hydrocephalus, secondary to aqueductal stenosis, when the hydrocephalus was relieved by third ventriculostomy. Similar cases have since been reported by Petit-Dutaillis et al. (1950) and by Nag & Falconer (1966) .
The development of effective surgical methods of treatment of hydrocephalus by ventriculoatrial CSF shunting has allowed the natural history of these ocular signs to be studied more closely. It has become apparent that, even in infants with gross hydrocephalic enlargement of the head, the maintained downward deviation of the eyes can be rapidly corrected by relief of the hydrocephalus. Indeed, in surgical practice, this is sometimes a useful index of shunt patency (Cogan 1956 , Shallat et al. 1973 ). Attention has therefore been directed away from abnormalities of the roof plates of the orbits towards the central pathways mediating vertical gaze. I shall suggest, in this paper, that there are two distinct clinical syndromes of disturbed ocular movement associated with hydrocephalus, and shall discuss their mechanism:
(1) Divergence with downward deviation: The bestknown ocular sign of hydrocephalus consists of resting conjugate downward deviation of the globes, usually with slight divergence. This abnormality is accompanied by impairment of -volitional, optokinetic and oculocephalic conjugate upward gaze. The fact that both opto-'kinetic and oculocephalic upward movements are affected indicates that both saccadic and pursuit vertical gaze systems are abnormal. Lateral and downward gaze are usually spared, but lateral rectus palsies may be present. In some patients there may be a few beats of nystagmus on lateral gaze and the pupils may be larger, and may react more sluggishly to light than normal.
(2) Periaqueductal dysfunction: In other patients, particularly those with childhood or adult-onset hydrocephalus in whom the head cannot enlarge because the cranial sutures have fused, signs suggestive of periaqueductal dysfunction can be elicited (Swash 1974). These may consist of the full sylvian aqueduct syndrome, first described by Koerber, Salus and Elschnig (Elschnig 1913) and later characterized by Kestenbaum (1946) , or of fragments of this syndrome. The sylvian aqueduct syndrome consists of impairment of conjugate upward gaze; convergence nystagmus occurring as a substituted movement on attempted upward gaze; retractory nystagmus, Section ofOphthalmology with Section ofNeutrology 481 which is usually inconstant; vertical nystagmus on downward gaze; palsies of extraocular muscles; and pupillary anomalies for example, anisocoria and impairment of the light reaction. Using EMG assessment, convergence or retractory nystagmus, which is the most striking part of the syndrome, has been shown to be associated with cocontraction of all the external ocular muscles (Gay et al. 1963) , but how this is brought about is not clear. Sometimes the pupils constrict during the convergent phase of the evoked nystagmus. The syndrome has usually been associated with structural lesions in the rostral mesencephalic periaqueductal region (Smith et al. 1959 , Segarra & Ojeman 1961 , Walsh & Hoyt 1969 and has been described, as a reversible phenomenon, only in decompensated hydrocephalus due to aqueductal stenosis (Swash 1974) . The manner in which these signs appear and disappear with hydrocephalus and its treatment by CSF shunting provides evidence bearing on possible mechanisms for their development (see Swash 1974).
In the 9 patients so far described in the literature in whom it has been suggested that a reversible lesion in the periaqueductal region was responsible for the abnormal ocular movements (Swash 1974 , Chattha & DeLong 1975 it has been observed that impaired conjugate upward gaze and pupillary abnormalities appeared first, followed by resting divergence, nystagmus on lateral and downward gaze, and finally by convergence or retractory nystagmus. Tonically maintained resting downward gaze and lid retraction have not beedi described in these patients, although these are characteristic features of the more typical 'setting sun' sign discussed above. It has been pointed out that retractory nystagmus can often be enhanced by downwardmoving optokinetic stimuli (Smith et al. 1959 ). This stimulus normally induces saccadic upward gaze movements but in patients with periaqueductal lesions in the rostral mesencephalon substituted convergence or retractory nystagmus occurs (Segarra & Ojeman 1961) . This sign may be missed if optokinetic testing in the vertical plane is not employed. In some patients with disturbance of upward gaze due to hydrocephalus convergence nystagmus can be elicited simply by attempting volitional conjugate upward gaze (Chattha & DeLong 1975 , Swash, personal observations) but this is uncommon.
Although the sylvian aqueduct syndrome may occur with unexpected frequency in adult or childhood or,w6t hydrocephalus due to aqueductal stenosis, in many adults with uncontrolled hydrocephalus (Lavender & DuBoulay 1965) the disorder of ocular movement consists only of defective upward gaze, perhaps with large sluggish pupils (Parinaud's sign), and in others ocular abnormalities are altogether absent. In the latter the hydrocephalus is usually well compensated. Similarly, in infants with severe hydrocephalus the ocular abnormalities usually consist of maintained divergent or convergent downward gaze, lid retraction, and absence of upward gaze.
Sometimes the pupils are large and only sluggishly reactive to light. Optokinetic nystagmus may be difficult to elicit in normal infants, at least by ordinary clinical testing on the ward, and it is usually absent in hydrocephalic infants. Definite evidence of periaqueductal dysfunction is therefore lacking in these cases. Further, maintained conjugate downward deviation is not a recognized feature of the sylvian aqueduct syndrome (Kestenbaum 1946 , Segarra & Ojeman 1961 .
It must be asked, therefore, whether the upward gaze palsy in hydrocephalus is always due to periaqueductal dysfunction. One of Russell's (1949) cases of communicating hydrocephalus is of particular interest in relation to this problem since the pathology is known. This patient (Case 40: Russell 1949) was a child who died, aged 4j months, 'after a cold in the head'. During the last month before his death 'his eyes seemed to drop into his cheeks' and the head enlarged. At autopsy there was great internal hydrocephalus and the aqueduct measured 0.4 x 0.3 cm in section at the level of the inferior colliculi. There was some doubt whether the hydrocephalus was due to a low-grade meningitis or to a choroid plexus papilloma, found in the right lateral ventricle, and in a later paper in which she described another, similar, case Russell (1954) regarded the possibility of excessive secretion of CSF by the papilloma as the more likely explanation. In these cases the aqueduct was patent and grossly dilated, and periaqueductal structures could, therefore, have been distorted and compressed. However, the clinical signs found in these cases, and in Case 2 of Chattha & DeLong (1975) , in which impaired upward gaze, lid retraction and episodic divergence movements, without convergence nystagmus or pupillary abnormalities, were associated with communicating hydrocephalus, were not consistent with a periaqueductal lesion. Some other explanation must therefore be offered for the ocular signs in hydrocephalic patients in whom resting divergent downward gaze with paralysis of upward gaze and lid retraction are found. Lerner et al. (1969) have put forward an explanation derived from the radiological findings. They described a 9-year-old girl with hydrocephalus due to aqueductal stenosis, in whom there was gross dilatation and posterior displacement of the suprapineal recess of the third ventricle, which had herniated through the tentorial notch and which seemed to compress the tectum and pretectum of the mid-brain. The rostral part of the aqueduct in this patient was widely dilated, so that the pretectum was deformed and compressed both from above and from within. Description of the ocular signs found in this case is limited to the statement that there was a palsy of conjugate upward gaze, but it is notable that there was papillcedema and, therefore, that the hydrocephalus was decompensated, as in all similar cases with disordered upward gaze. Similar observations were made by Shallat et al. (1973) in 4 patients with late-onset, decompensated obstructive hydrocephalus and there are earlier reports by Beckett et al. (1950 ), Cassinari et al. (1963 and Lavender & DuBoulay (1965) . In these reports it is not stated whether or not resting conjugate downward deviation of the eyes appeared.
Of the cases of hydrocephalus due to aqueductal stenosis, presenting with the sylvian aqueduct syndrome, reported in the literature (Swash 1974 , Chattha & DeLong 1975 only in that described by Swash (1974) are the radiographic findings described in detail. In this case the suprapineal recess was not very greatly dilated, but the rostral part ofthe aqueduct was assimilated into the posterior part of the third ventricle, and the aqueduct itself, above the level of obstruction, was enormously dilated. Secondary tentorial block occurred from caudal herniation of the dilated third ventricle into the posterior fossa (see Jakubowski & Jefferson 1972) , leading to additional compression of the mesencephalon from without. Similar findings were recorded at autopsy by Russell (1949) in patients whom abnormalities of ocular and pupillary movement consistent with the sylvian aqueduct syndrome were recorded.
Consideration of the anatomy of the central pathways subserving vertical gaze offers a different approach to the problem. Christoff (1974) has correlated paralysis of vertical gaze with the pathological findings in a series of 27 cases. These patients died with vascular lesions, gliomas of the brain stem or thalamus, or pinealoma, and most had other clinical abnormalities in addition to paralysis of vertical gaze. To meet this difficulty Christoff also studied a group of 34 patients with similiar lesions, but in whom vertical gaze had been normal. He concluded that upward gaze paralysis occurs mainly with bilateral lesions involving the pretectum, posterior commissure or dorsal mid-brain tegmentum. In addition, he noted that unilateral lesions caused paralysis of upward gaze only when the posterior commissure was involved (see Collier 1927) . Rarely, upward gaze paralysis occurred with lesions in the upper pontine tegmentum (pontine paramedian reticular formation), an observation first recorded by Spiller in 1905. Christoff (1974) concluded that the descending pathways for upward gaze decussate in the posterior commissure, and then descend to the paramedian reticular formation in the upper pons before ascending to the oculomotor nuclei.
The posterior commissure marks the posteroinferior boundary of the third ventricle. It is situated between the pineal gland and the suprapineal recess superiorly, and the rostral aqueduct inferiorly (Figs I and 2) . It is therefore vulnerable to compression or distortion by enlargement of either or both of these structures. Indeed Woollam & Millen (1953) , in a study of the normal shape and size of the aqueduct, showed that the posterior commissure determines the curiously flattened plane of the roof of the rostral aqueduct. It consists of fibres passing from the pretectal nuclei to the contralateral Edinger-Westphal nuclei, which convey impulses involved in the pupillary light reflex, of fibres interconnecting the superior colliculi, and of fibres from the interstitial nuclei of Cajal and from the nuclei of Darkschewitsch. The precise function of these latter fibres and nuclei is unknown but there is evidence (Carpenter 1971) that the nuclei of Cajal and Darkschewitsch are important in mediating vertical, expecially upward, gaze and in controlling eyelid movements. In addition, Collier (1927) noted that lesions of the posterior commissure were associated with lid retraction; a lesion in this site might therefore account for the widely open eyelids found in some infants with hydrocephalus. The maintained downward gaze (sunset sign) so frequently found in infantile hydrocephalus is more difficult to explain, although in the monkey it may occur after section of the posterior commisure (Carpenter 1971) . Carpenter (1971) has also described maintained downward gaze after a uinilateral lesion in Darkschewitsch's nucleus in the monkey and dysfunction in this location could account for this clinical sign in hydrocephalus. Maintained conjugate downward gaze also occurs in patients with thalamic hemorrhage (Fisher 1967) but in these cases the eyes are usually convergent and the pupils constricted. Hoyt & Daroff (1971) ascribe Fisher's sign to 'acute involvement of the pretectum and rostral midbrain'. Russell (1949) concluded that hydrocephalus was almost always due to obstruction of CSF flow from the ventricular system, usually as a result of aqueductal stenosis. Williams (1973) has recently suggested, however, that aqueductal stenosis may, in many cases, be secondary to Section ofOphthalmology with Section of Neurology 483 hydrocephalus, rather than its cause. He has put forward evidence that when the posterior horns of the lateral ventricles become greatly enlarged by hydrocephalus they exert a compressive force on the aqueduct, which lies between them, squeezing it into a narrow and perhaps incompetent slit, thus leading to secondary obstruction and decompensation of, the hydrocephalus. Such a mechanism would be consistent with the ocular signs discussed above, although these signs can be explained without invoking Williams's hypothesis. It is striking, however, that hydrocephalus with aqueductal stenosis seems to be more commonly associated with the 'setting sun' sign, or with clinical signs of periaqueductal dysfunction, than does communicating hydrocephalus. This might simply reflect the relative rarity of decompensated communicating hydrocephalus in clinical practice, since only when communicating hydrocephalus was decompensated could distortion of upper mesencephalic structures occur.
Conclusions
Two syndromes of disordered ocular movement have been associated with hydrocephalus. Both are reversible with treatment ofthe hydrocephalus. These syndromes both seem to occur more frequently in obstructive hydrocephalus secondary to aqueductal stenosis than in other causes of noncommunicating hydrocephalus, and they are rare in communicating hydrocephalus. In the commoner of the two syndromes tonically maintained downward gaze, usually divergent, with absence of upward gaze, is associated with slight retraction of the lids, and with rather large pupils which react only poorly to light. This, it is suggested, may indicate dysfunction of decussating fibres in In the second syndrome, other signs, suggestive of peria4ueductal dysfunction, are observed. In these patients, maintained downward deviation of the eyes does not occur, but there is slight resting divergence. Volitional and reflex upward gaze is absent but attempted volitional upward gaze induces substituted retractory and convergence nystagmus. Optokinetic stimuli may evoke this nystagmus in doubtful cases. The pupils are large and poorly reactive and there is nystagmus on downward and sometimes also on lateral gaze. There may be weakness of the lateral rectus muscles. This syndrome is probably due to distortion ofperiaqueductal structures by assimilation and enlargement of the rostral aqueduct, with additional compression of this region either by herniation of an enlarged suprapineal recess or by secondary tentorial block from caudal herniation of the third ventricle and brain stem. This second syndrome seems to occur only in decompensated hydrocephalus due to aqueductal stenosis.
Mr Peter Fells (Moorfields Eye Hospital, City Road, London EC] V2PD) Limited Elevation of One Eye Failure of one eye to elevate fully is not a common problem, but when it does occur the patient may be referred either to the ophthalmologist or to the neurologist, depending upon the accompanying symptoms or signs. The lesion responsible may lie anywhere from locally within the orbit to the supranuclear pathways that control the oculomotor complex. Before continuing with examples of some of the many conditions that have to be considered, working from the periphery to the central nervous system, it is necessary to recall a few basic anatomical and physiological facts.
The first is that the classical concept of the superior rectus elevating the eye mainly in abduction and the inferior oblique mainly in adduction is not entirely correct. Boeder's analysis of ocular rotations (Boeder 1961) has shown that the superior rectus is twice as effective in producing elevation as the inferior oblique from any horizontal position of gaze including adduction. Secondly, smooth and full upward rotation of the eye requires adequate relaxation and lengthening of the direct antagonists of the elevators, that is, of the inferior rectus and superior oblique muscles. Thirdly, Warwick's concept of the detailed organization within the III nerve nuclear complex (Warwick 1964) shows that the superior rectus subnucleus is entirely crossed in its innervation and that the caudal central nucleus innervates both levator muscles.
The patient's complaints may range from that of the sudden onset of vertical diplopia to a close relative observing deficient upward movement of one eye of which the patient is unaware. The appearance of the patient may vary from one of gross compensatory chin elevation to that of straight eyes in the primary position with slight underaction of one eye on attempted upgaze.
Examination of the eyes must include the nine gaze positions and the uniocular ductions of the affected eye. Any associated abnormalities of lid movements should be looked for and the pupillary reactions tested carefully. Retraction of the affected globe into the orbit on attempted elevation usually indicates tethering by abnormal structures in the lower half of the orbit. This is best looked for by occluding the patient's normal eye and making him try very hard to follow an upward moving target. Gross tethering is shown by globe retraction of up to 2-3 mm into the socket (Fig 1) . Lesser degrees can be diagnosed by measuring the intraocular pressure in the straight-ahead and upgaze positions. A rise of 4 mmHg or more (sometimes even 18 mmHg) means inferior tethering. The contracting superior rectus rotates the eye upwards to the limit of extension of its antagonist. Further superior rectus shortening then squeezes the eyeball and raises its internal pressure, and in severe cases retracts the eye. This situation is classically seen in two conditions, orbital floor fracture and dysthyroid eye disease.
The history of localized orbital trauma and the frequent sensory symptoms from infraorbital nerve involvement make clinical diagnosis of blow-out fracture easy. Confirmation by X-rays is not difficult provided that the correct view is taken with the petrous temporal bone rotated away from obscuring the orbital floor. The puzzling feature that trapped inferior rectus or inferior oblique muscles were so very rarely found incarcerated in the fracture has been explained by
